mRNA secondary structure engineering of Thermobifida fusca endoglucanase (Cel6A) for enhanced expression in Escherichia coli.
The sequence and structure of mRNA plays an important role in solubility and expression of the translated protein. To divulge the role of mRNA secondary structure and its thermodynamics in the expression level of the recombinant endoglucanase in Escherichia coli, 5'-end of the mRNA was thermodynamically optimized. Molecular engineering was done by introducing two silent synonymous mutations at positions +5 (UCU with UCC) and +7 (UUC with UUU) of the 5'-end of mRNA to relieve hybridization with ribosomal binding site. Two variants of glycoside hydrolase family six endoglucanase, wild type (cel6A.wt) and mutant (cel6A.mut) from Thermobifida fusca were expressed and characterized in E. coli using T7 promoter-based expression vector; pET22b(+). Enhanced expression level of engineered construct (Cel6A.mut) with ∆G = -2.7 kcal mol(-1)was observed. It showed up to ~45 % higher expression as compared to the wild type construct (Cel6A.wt) having ∆G = -7.8 kcal mol(-1) and ~25 % expression to the total cell proteins. Heterologous protein was purified by heating the recombinant E. coli BL21 (DE3) CodonPlus at 60 °C. The optimum pH for enzyme activity was six and optimum temperature was 60 °C. Maximum activity was observed 4.5 Umg(-1) on CMC. Hydrolytic activity was also observed on insoluble substrates, i.e. RAC (2.8 Umg(-1)), alkali treated bagass (1.7 Umg(-1)), filter paper (1.2 Umg(-1)) and BMCC (0.3 Umg(-1)). Metal ions affect endoglucanase activity in different ways. Only Fe(2+) exhibited 20.8 % stimulatory effects on enzyme activity. Enzyme activity was profoundly inhibited by Hg2(+) (91.8 %).